Chronic defensiveness and neuroendocrine dysfunction reflect a novel cardiac troponin T cut point: The SABPA study.
INTRODUCTION 1
Coping with everyday stressors (Amirkhan, 1990 ) may disturb sympatho-adrenal activity 2 and cardiac rhythmicity as indicated by changes in catecholamine turnover (de Kock et al., 3 2012 ) as well as heart-rate variability (HRV) (Malan et al., 2013) . Particularly, defensive 4 coping (DefS) or the fight-flight response encompassing perception of control and active 5 problem solving, has been suggested as a promoter of health (Amirkhan, 1990) . In spite of 6 this view, DefS outcomes have also been linked with pathology and emotional distress 7 related alterations (de Kock et al., 2012; Malan et al., 2013) , in that attenuated sympatho-8 adrenal responses to acute mental stress in a cross-sectional analysis were associated with 9 wall remodeling and silent myocardial ischemia in a Black male cohort (Malan & Malan, 10 2017 ). Therefore, it seems plausible that chronic defensiveness, reflecting emotional 11 distress, may drive direct relationships between sympatho-adrenal activation and markers 12 of cardiac injury (Lazzarino et al., 2013) such as elevated cardiac troponin (cTnT) levels. 13 A subunit of the troponin complex, namely cTnT is released in response to sympathetic 14 activation or catecholamine overload and myocyte necrosis (Muthu et al., 2014) . A 15 decrease in the metabolic supply to the myocardial tissue results in ischemia and resultant 16 cardiomyocyte necrosis of the myocardium (Muthu et al., 2014) . If reduced metabolic 17 supply is accompanied by catecholamine vascular responsiveness, myocardial ischemia 18 and cTnT-related damage may further increase (Mazzeo et al., 2014; Muthu et al., 2014) . 19 Resultant changes in cardiac autonomic modulation and blood pressure may therefore 20 occur to counteract myocardial ischemia, in order to improve perfusion. Accumulative 21 effects of higher chronic metabolic demands may also be taxing if emotional distress is 22 present (Malan et al., 2016) To maintain metabolic homeostasis, central neural control and 23 downstream adrenergic-related signaling will be apparent with either 24 sensitization/upregulation in acute or desensitization/downregulation in chronic situations L Malan et al., 7
2.2
Cardiovascular risk measures 1
Ambulatory BP and ECG monitoring (ABPM) 2
ABPM devices were attached to participants' non-dominant arm (Meditech CE120 3 CardioTens ® ; Meditech, Budapest, Hungary) by trained cardiovascular research personnel. 4
The Cardiotens ® was programmed to measure BP at 30-min intervals during the day (07:00-5 22:00) and every hour during night time (22:00-06:00). The successful 24h inflation rate was 6 79% (±12) at baseline and 88% (±9) at follow-up. The data were analyzed with the 7 CardioVisions 1. 19 Two duplicate measurements were taken, with a 3-to 5-minute resting period between each; 7 the second of which was used for statistical analyses. Hypertensive status was classified as 8 SBP ≥ 140 mm Hg and/or DBP ≥ 90 mm Hg (Piepoli et al., 2016) . 9
Coping Strategy Indicator (CSI) 10
The CSI is a 33-item self-report measure of coping responses with construct, convergent and 11 discriminant validity (Amirkhan, 1990 ). Cronbach's alpha (α) reliability coefficients were 12 determined for the three subscales of 11 items each in the SABPA cohort and ranged between 13 0.61-0.87. DefS implies actively solving problems and in-control responses. Seeking social 14 support supports DefS, with a focus on acquiring advice in stressful times and lastly, 15 emotional avoidance or loss-of-control implies defeat, with psychophysiological withdrawal. 16
When responding to the various questions of the three subscales, the participant had to keep a 17 recent stressful event in mind. The responses were then rated on a three-point Likert scale: a 18 lot (3), a little (2), or not at all (1) . The events fell into four broad categories: achievement 19 (work/school related problems); social stressors (interpersonal conflict); personal changes in 20 psychophysiological or spiritual status; and fate events such as accidents and chance 21 victimization (Amirkhan, 1990) . Two research assistants sorted these events with an 88% Cronbach's alpha-reliability index for the total three-year PHQ-9 score in the current sub-6 study was 0.80, indicating good reliability. The recommended and established PHQ-9 cut-off 7 point of ≥ 10 indicates the presence of moderately severe depression symptoms. 8
2.5
Biochemical measurements 9
Urinary Catecholamines 10
Urine collection was performed overnight, 8h sampling at baseline and 24h sampling at 11 follow-up. The sampling periods of 8h and 24h compares favorably for detection of stress 12 hormones in urine (Masi et al., 2004) . At follow-up, participants began and ended sampling 13 with an empty bladder on Day 1. Urine was collected for the next 24 hours in a three liter 14 container, washed with 9 ml of 20% HCl (UriSet24, Sarstedt®, Nümbrecht, Germany). 15
Samples were stored at -80°C until analysis within one year after collection, using the 3-Cat 16
Urine ELISA Fast Track kit (LDN, Nordhorn, Germany). Intra-and inter-assay coefficients 17 for epinephrine were 5.50% and 9.62% respectively and for norepinephrine, 2.70% and 18 8.59%. Urine creatinine was measured with the calorimetric method. 19
Blood analyses 20
A registered nurse obtained fasting blood samples from the ante-brachial vein branches with 21 a sterile winged infusion set, and handled samples according to standardized procedures. Eighty cTnT values (23.39%) were below detectable limit (<3 ng/L) and substituted with 8 lower than detectable values using log-methods. The cTnT inter-and intra-batch variability 9 was 15% and 5.6%. 10
Statistical analyses 11
Statistica version 13 and IBM SPSS version 23 statistical software packages were used. 12
Power analyses were performed to obtain relevant effect sizes based on differences in 13 ambulatory autonomic dysfunction and biological profiles. Results showed that a sample size 14 of 50 will demonstrate biological differences with a statistical power of 0. 
Clinical characteristics 2
In Table 1 , Blacks at baseline were younger, physically less active, consumed more alcohol 3 (γ-GT), and had lower TSH and time-domain HRV values compared to Whites. More Blacks 4 showed moderate depression (45.0% vs. 16 .2%) and 24h hypertension (67% vs. 42%) 5 prevalence compared to Whites. Blacks further used more ACE inhibitors, diuretics and 6 calcium channel blockers (P≤0.05). 7
In Figure 2, cTnT levels remained similar in the bi-ethnic cohort over 3 years. In Table A .2, the recovery 1 of cTnT-positive people at baseline to cTnT-negative at follow-up was more apparent at 2 cTnT cut point < 3 ng/L in Blacks (49.7% in Blacks vs. 32.4% in Whites; p≤ 0.001). 3
Coping with social stress or interpersonal conflict (Table A. 3) showed increased changes 4 143/91 mmHg); moderately depressed HRV (SDNN = 73ms); medium cardiovascular risk 10 (HRV triangular index = 9) and raised cTnT (mean 5.1ng/L). 11
Cross-sectional associations between sympatho-adrenal responses and elevated 12
cTnT 13
In Table 3 , an increased risk for cardiac injury at baseline was evident in Blacks when 
Follow-up associations between sympatho-adrenal responses and elevated cTnT 19
At follow-up (Table 3) Currently, the Black cohort sought more social support, which supports an in-control DefS 20 response albeit increasing interpersonal conflict and social stress. Indeed, coping defensively 21 with a social stressor showed a trend for elevated cTnT risk in the current Black cohort. 
Heart rate variation reflecting cardiac injury 17
Chronic defensiveness or more emotional distress further increases higher metabolic demand 18 and may disrupt homeostasis with activation of central neural control systems (Patil et al., 19 2015 ). In the current study, we demonstrated initial neural control where depressed HRV 20 responses in relation to elevated cTnT were accompanied by BP increases as homeostatic 21 reflexes. Indeed, estimators of sympathetic hyperactivity (SDNN <100ms and HRVti) levels 22
were increased in the Black cohort compared to Whites, further underscoring depressed HRV 23 and risk for cardiac injury in Blacks. 24 L Malan et al., 16
The limbic system modulates cardiac activity in response to stressful events and during 1 homeostatic reflexes (Manea et al., 2015) . Sympathetic nervous system (SNS) hyperactivity 2 may thus serve as a pathophysiological event affecting the reciprocal relationships between 3 limbic responses, sympathovagal disturbances and raised cTnT. The possibility of 4 neurocardiogenic injury emerges as a consequence of uncontrolled stress and subsequent 5 catecholamine overload. Indeed, DefS induces SNS hyperactivity and supports the initial 6 neural control (depressed HRV, BP increases or hypertensive status) profile at baseline, 7 reflecting a hypervigilant system. The occurrence of myocardial ischemia and/or myocardial 8 necrosis during chronic defensiveness may further facilitate a mechanical distortion of the 9 afferent and efferent fibers of the autonomic nervous system. This may be due to changes in 10 the geometry related to necrotic and non-contracting segments of the heart (Mazzeo et al., 11 2014) . Changes will also affect local neural regulation and contribute to the resulting 12 diminished HRV. However, contradictory findings were recently reported (Jandackova et al., 13 2016 ). In the UK Whitehall II population-based cohort study, cardiac autonomic modulations 14 in 3414 men and women obtained over 10 years and at 3 different time points, were not 15 associated with a higher prevalence of cardiometabolic symptoms but rather with normal 16
ageing (Jandackova et al., 2016) . 17
Neuroendocrine dysfunction reflecting cardiac injury 18
Pertaining to neuroendocrine risk, we could not find any bi-ethnic study reporting a 19 longitudinal relationship between the catecholamines and cardiac injury. Our findings support 20 the presence of a novel brain-heart stress pathway. Chronic sympatho-adrenal activation 21 DefS. It may cause distress and hyperactivity of the sympatho-adrenal system, as the body 5 attempts to cope with increasing demands. Two mechanisms may apply: norepinephrine 6 levels may a) decrease due to exhaustion of the autonomic system (Guilliams & Edwards, 7 2010) where adrenal exhaustion or fatigue will set in, and b) the neuroendocrine system will 8 become non-responsive with desensitization and/or down-regulation of adrenergic receptors, 9 which has been associated with depression and neural fatigue (Tsigos & Croussos, 2002) . 10
The lack of association between chronic depressive symptoms and cardiac injury was 11 therefore surprising. Our findings rather support dissociation of DefS responses where 12 behavioral in-control responses masked physiological loss-of-control or desensitized 13 responses (physiological depression). This may have a detrimental impact on cardiac health 14 in the long-term and may increase susceptibility for ischemic heart disease. 15
4.4
Blood pressure as compensatory mechanism to counteract perfusion deficits and 16 The small sample size prohibited stratification into both ethnic and gender groups thereby 16 limiting an improved understanding of cardiac injury pathology. Therefore expanding data to 17 other cohorts may confirm findings of a 4.2 ng/l cTnT cut-point when chronic defensiveness 18 is suspected. Early screening for raised cTnT has clinical practice implications as raised cTnT 19 is shown to be related to neural distress, which may precede ischemic heart disease and future 20 heart failure risk. 21
In conclusion, a novel brain-heart stress pathway exemplified desensitized sympatho-adrenal 22 responses in relation to cardiac injury. Initial Adjustments were made for baseline a priori covariates (age, log waist circumference, log physical 3 activity, log cotinine, log GGT and hypertension medication use) and thyroid stimulating hormone 4 in HRV analyses. Where: SDNN=Standard deviation of RR interval; ∆ = change; NE:Cr=urinary 5 norepinephrine:creatinine ratio. 6
